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ABSTRACT
Introduction. Though many clinicians who deal with spinal deformity do understand the meaning of idiopathic sco-
liosis, answer regarding its cause remains an enigma. Better understanding concerning its etiopathology should im-
prove clinicians’ ability to deal with this condition, to prevent its occurrence, to prevent the progression, to develop 
new treatment modality and to predict prognosis. Previous researches have shown that osteopontin had its role in de-
velopment of adolescent idiopathic scoliosis and its severity progression. This study is intended to evaluate the asso-
ciation between osteopontin plasma levels with adolescent idiopathic scoliosis as part of the effort to understand the 
pathomechanism related to spinal asymmetrical growth, leading to development of adolescent idiopathic scoliosis. 
Materials and methods. Twenty five healthy adolescents and twenty two adolescents with idiopathic scolisis were 
enrolled in the study. They had their blood measured for osteopontin level. The measurements were conducted by 
quantitative enzyme immunoassay technique. Osteopontin level between groups was compared using student t-test. 
Correlation test was performed to evaluate the corrleation between osteopontin and severity of the scoliosis, skeletal 
maturity, and age.
Results. The study showed that mean osteopontin level was increased in adolescent with idiopathic scoliosis com-
pared to healthy adolescent. (175.4 ± 10.7 ng/ml versus 141.1 ± 83.8 ng/ml respectively). Severe scoliosis (above 45 
degrees) had highest osteopontin plasma level (225.4 ± 109.3 ng/ml) while osteopontin level in adolescent with mild 
degree scoliosis and healthy control was 103.1 ± 45.0 ng/ml and 141.1 ± 83.8 ng/ml respectively. Osteopontin level 
had strong negative correlation to skeletal maturity and age (r = - 0.82, p = 0.00 and r = - 0.82, p = 0.00, respectively). 
Osteopontin level in scoliotic patients increased significantly in growth spurt period (257.4 ± 87.1 ng/ml, p < 0.05). 
Conclusions. Osteopontin plasma level was higher in adolescent idiopathic scoliosis patients compared to healthy 
control. The increased was significant during growth spurt period and in severe scoliosis. They indicate that adoles-
cent idiopathic scoliosis patients experience higher degree of bone remodeling which lead to susceptible to spinal 
deformity in the presence of asymmetrical extraskeletal forces. Correlation between osteopontin plasma level and 
skeletal maturity and age might prospect this parameter to be used as a tool to determine the prognosis of scoliosis. 
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8Peran Remodeling pada Scoliosis Idiopatik Remaja 
Dinilai dengan Kadar Osteopontin
ABSTRAK
Pendahuluan. Prevalensi skoliosis idiopatik pada populasi anak dan dewasa mencapai 3%. Sekalipun semua dok-
ter yang menangani deformitas tulang belakang ini memahami arti istilah skoliosis idiopatik, pertanyaan tentang 
penyebab skoliosis tetap belum terjawab. Pemahaman yang baik akan etiopatologi memungkinkan dokter untuk 
mencegah terjadinya keadaan ini, mengembangkan modalitas penanganan yang lebih efektif, dan memprediksi prog-
nosis. Osteopontin yang merupakan non-collagenous bone matrix glycoprotein, diketahui memiliki peran penting 
dalam proses remodeling tulang. Penelitian sebelumnya menunjukkan bahwa osteopontin mungkin memiliki per-
anan dalam perkembangan skoliosis idiopatik remaja dan progresifitas kurva melalui interaksi dengan sitokin dan 
reseptor lainnya. Penelitian ini bertujuan mempelajari hubungan kadar osteopontin dengan kejadian skoliosis idiopa-
tik remaja sebagai bagian dalam mempelajari patomekanisme yang berhubungan dengan pertumbuhan asimetri pada 
tulang belakang.
Bahan dan cara kerja. Sebanyak 22 remaja penderita skoliosis idiopatik remaja dan 25 remaja sehat dikumpulkan 
dan dilakukan pemeriksaan kadar osteopontin. Pemeriksaan kadar osteopontin dikerjakan dengan teknik kuantitatif 
enzyme immunoassay. Kadar osteopontin kemudian dibandingkan antara kedua kelompok. Uji korelasi dilakukan 
untuk menentukan hubungan kadar osteopontin dengan keparahan skoliosis, kematangan skeletal dan usia.
Hasil. Studi cross sectional ini menunjukkan bahwa rerata kadar plasma Osteopontin meningkat pada penderita 
Skoliosis Idiopatik Remaja dibandingkan remaja sehat (175,4 ± 10,7 ng/ml, 141,1 ± 83,8 ng/ml, secara berturut-
turut). Skoliosis dengan derajat kurva berat (diatas 45 derajat) memiliki rerata kadar plasma Osteopontin paling 
tinggi (225,4 ± 109,3 ng/ml) dibandingkan bila derajatnya ringan atau normal (103,1 ± 45,0 ng/ml, 141,1 ± 83,8 ng/
ml, secara berturut-turut). Kadar plasma Osteopontin ini ternyata berkorelasi negatif kuat dengan kematangan per-
tumbuhan tulang dan usia (r = -0,824, p = 0,000 dan r = -0,815, p = 0,000). Dan peningkatan rerata kadar plasma Os-
teopontin pada penderita skoliosis memang terutama terjadi pada masa growth spurt (257,4 ± 87,1 ng/ml, p = 0,046). 
Simpulan. Rerata kadar plasma Osteopontin lebih tinggi pada penderita skoliosis idiopatik remaja dibanding remaja 
sehat. Peningkatan tersebut terutama pada masa growth spurt. Peningkatan yang lebih tinggi juga terjadi pada derajat 
skoliosis yang lebih berat. Hal ini mengindikasikan bahwa penderita skoliosis idiopatik remaja mengalami proses 
bone remodeling yang lebih besar, yang menyebabkan mereka lebih rentan terhadap terjadinya deformitas tulang 
belakang bila mendapat stimulus ekstraskeletal yang tidak seimbang. Kemudian korelasi yang baik antara kadar 
plasma Osteopontin dengan usia dan kematangan pertumbuhan skeletal memungkinkan parameter ini menjadi salah 
satu faktor yang dapat dipakai untuk menentukan prognosis.
Kata kunci: kadar plasma osteopontin, skoliosis idiopatik remaja, remodeling tulang derajat kelengkungan, Risser 
grade
Role of remodelling in adolescent idiopathic scoliosis
Introduction
Idiopathic scoliosis among children and adoslescent has 
prevalence about 0.5-3%.1-6 As much as 2-4% of idio-
pathic scoliosis occurs in the first decade of life (10-16 
years old), which in childhood or adolescenthood.7  Sa-
pardan conducted an epidemiological survey upon all 
patients with vertebral alignment disturbance who sook 
treatment in several health centers and orthopaedic spe-
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cialist clinics around Jakarta from April 1985 to Februari 
2006 and found that 621 of 1 585 patients (68.9%) suf-
fered from idiopathic scoliosis.8
Eventhough the prevalence of idiopathic is high, 
how the condition develops remains a big question to 
be answered. A better understanding of its etiopathology 
would increase the chance to prevent the condition, to 
enhance effective screening, and to determine  prognosis. 
Therefore, many researches are conducted to reveal the 
development of idiopathic scoliosis. 
Osteopontin, a fosforilated glycoprotein, is well 
known for its role in many physiological and pathological 
body responses.9-11 In bone, osteopontin can be found as 
main non-collagenous bone matrix component.12-14 Many 
studies have  shown its role in bone remodeling process-
es.13,15 Moreau, et al.,16 tried to discover the pathogen-
esis of adolescent idiopathic scoliosis by investigating 
osteopontin plasma level before puberty in Caucasian 
adolescent with adolescent idiopathic scoliosis (AIS). 
He stated that higher level of osteopontin plasma plays 
an important role in the curve progressivity in scoliosis. 
Based on this finding, osteopontin has been proposed as 
blood test for predicting prognosis and monitoring curve 
progression in Idiopathic scoliosis. Prior that, investiga-
tions to determine whether this finding also occurrs in 
general population, are needed. For above reasons, this 
study was conducted to identify osteopontin’s role in the 
pathomechanism of AIS.
Materials and methods
This cross sectional study was conducted at spine out-
patient clinic in Fatmawati General Hospital, dr. Cipto 
Mangunkusumo National General Hospital, and Bintaro 
Premier General Hospital. Osteopontin plasma level was 
examined in Prodia Laboratory Centre, Jakarta. It has 
been approved by the Ethics Committee of Fakultas Ke-
dokteran, Universitas Indonesia. 
Twenty two adolescents presenting with AIS who 
seek treatment at those centers during February to April 
2012 were consecutively enrolled for the study. Twenty 
five healthy adolescents in Jakarta were enrolled as the 
control group. Adolescents with underlying disorders, 
evidence of any infection as proven by clinical, labora-
tory and radiological examinations, or those who refused 
to participate in the study were excluded.
Data regarding age, Cobb angle, degree of scoliosis, 
Risser sign were recored.  Cobb angle was described 
as the degree of main curvature magnitude, determined 
by measuring the degree between the upper and lower 
end vertebrae by using a ruller bow. Degree of scoliosis 
was categorized as mild if the angle is less or severe if 
it is more than 40o. Risser sign was categorized into six 
groups: grade zero if no sign of ossification process was 
observed in the iliac apophysis; grade one, two, three, 
and four if the ossification was seen in 0 to 25%, 25 to 
50%, 50 to 75%, and 75 to 100% respectively; and grade 
five when the complete fusion of the iliac apophysis had 
occurred.17 Subjects with Risser sign of zero to two were 
categorized as skeletally-immature and skeletally-pma-
ture if the Risser sign grade was three to five. The type of 
curvature was categorized based on Lenke Classification 
for AIS.18
As much as 3 mL of peripheral vein blood was ob-
tained from all subjects. The blood was then measured 
for its osteopontin level by immunoassay method using 
monoclonal reagent for osteopontin (Quantikine®, R&D 
Systems, Inc., Minneapolis, USA).
Results
Among the 22 subjects with AIS, 19 patients (86.4%) 
were females. Mean age for subjects with AIS and con-
trol group were 14.7 ± 4.0 yo and 14.4 ± 2.3 yo, respec-
tively. Twenty five subjects (53.2%) were in growth spurt 
period (skeletally-immature). All subjects were Indone-
sian, composed of 48.9% Javanese, 14.9% Padangese, 
and 6.4% Batak ethnics.
Most subjects (81.8%) had main thoracic curve type. 
Risser grade zero was observed in 27.3% of the patient, 
while grade four and five in 22.7% and 31.8% subjects 
respectively.
Regardless of the degree of skeletal maturity, mean 
osteopontin plasma level in AIS patients was higher than 
healthy adolescents (175.4 ± 10.7 ng/ml versus 141.1 ± 
83.8 ng/ml). The difference was found not statistically 
significant (p = 0.29). Skeletally-immature patients had 
significantly higher osteopontin levels compared to 
skeletally-immature controls (257.4 ± 87.1 ng/ml versus 
184.4 ± 81.9 ng/ml, p < 0.05). Osteopontin plasma level 
was significantly higher (p=0.02) in AIS with severe de-
gree scoliosis compared to mild ones (225.4 ± 109.3 ng/
ml versus 103.1 ± 45.0 ng/ml). 
The  osteopontin plasma levels among skeletally-im-
mature subjects in overall patient (213.6 ± 89.9 ng/ml), 
AIS patients (257.4 ± 87.1 ng/ml), and healthy controls 
(184.4 ± 81.9 ng/ml) were significantly higher compared 
to skeletally-mature subjects (92.9 ± 52.0 ng/ml, 107 ± 
65.6 ng/ml, and 76.02 ± 21.8 ng/ml for overall, AIS, and 
healthy control respectively) with p = 0.00 for overall, 
AIS, and overall), p = 0.00 for any groups. Osteopon-
tin plasma level was significantly lower and decreased 
steadily in accordance to skeletal maturity and growing 
age (strong negative correlation, r = -0.82, p = 0.00 and r 
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= -0.82, p = 0.00, respectively).
Discussions
We evaluated the osteopontin level in AIS in Indonesian 
population. The association between osteopontin and 
AIS has been evaluated before in Caucasian.16,19 How-
ever, the author suggested the study to be repeated in dif-
ferent ethnicity. 
Most of the patients in our study was female. It is well 
known that AIS is female predominant. There are 10 fe-
male for every male adolescents suffer AIS with curve 
greater than 30˚.7 Epidemiological survey by Sapardan 
showed a similar pattern in which 86.6% of patients with 
Idiopathic scoliosis is female.8 
The finding that main thoracic was the most common 
AIS in our study is different with the study conducted 
by Lonstein, etl.,20 which revealed thoracic curve of only 
19.3%. The thoracal and lumbar curve was predominant 
in their study (23.4%). The difference may occur due to 
the nature characteristic of adolescent population in In-
donesia, whom are driven by obvious cosmesis defor-
mity to seek treatment.
Sapardan8 found that most AIS patients had Risser 
sign of grade zero and four (27.9% and 34.5%, respec-
tively). In this study, similar pattern was also found. It 
suggest that most patients with AIS in Indonesia seek 
treatment at maturity of skeletal age. It was not surpris-
ing that many of them had severe degree of scoliotic 
curve, similar to the finding of Sapardan,8 that 50.3% of 
patients in his survey had curve of more than 40 degrees.
Our results were consistent to that of Moreau, et al.26 
in their study concerning osteopontin plasma levels in 
AIS among Caucasian. He found that mean osteopontin 
plasma level was significantly increased in patients with 
AIS (743 ± 326 ng/ml in moderate degree scoliosis and 
975 ± 389 ng/ml in , severe degree scoliosis) compared 
to the healthy subjects (568 ± 216 ng/ml). 
Interestingly, we found that the osteopontin plasma 
level was significantly increased in association with the 
degree of skeletal maturity and age.
The etiology of AIS is multi-factorials, hence no defi-
nite theory in the pathogenesis is widely accepted. Ques-
tions addressing why and how it happen remain unan-
swered. Well understanding of these multi-factorials will 
allow doctor to prevent progression, to develop a more 
efficient and effective management, as well as to predict 
prognosis.
Osteopontin influences bone remodeling process and 
bone biomaterial property. Animal study has shown that 
rat deficient of osteopontin has stiffer bone, thus larger 
forces are required to deform and break the bone. Iner-
tia moment of cross-sectional bone, elastic modules, and 
ultimate tensile strength of periosteum also increase in 
rat deficient of osteopontin.21 Osteopontin is also well 
known to be required in bone remodeling induced by 
mechanical stress.22-24 Therefore we may understand that 
higher osteopontin level is related to higher remodeling 
level. 
Our findings that higher osteopontin plasma level was 
found among AIS patients, especially in skeletally im-
mature ones, may be interpreted as that adolescent with 
AIS has higher remodeling ability compared to normal 
adolescent, especially in their growth spurt period. The 
higher bone remodeling ability will allow the bone to be 
deformed due to external mechanical stress stimulli. Al-
though it is not a direct cause of spinal deformity, the 
increase of osteopontin plasma level will lead to spinal 
susceptible to deformity due to mechanical stress cre-
ated by any asymmetrical extraskeletal deforming forces 
as explained by other theories such as by neurological 
asymmetric theories25-29 and biomechanical factor theo-
ries.30,31 The raise of osteopontin will suscept the spine 
to a more severe degree of deformity. Though some au-
thors believed that increase in osteopontin level in AIS 
occurred as the result of mechanical stress rather than 
contributing factor for deformity,9,29,32 there is possibility 
that both ways co-exist. This controversy remains unan-
swered and warrants further study. 
In AIS patients, osteopontin level was decreased dur-
ing and after puberty. It is understandable that the pro-
gression of scoliosis will also retard after puberty and 
skeletal maturity. As skeletal maturity parameters such as 
Risser sign, have already been used routinely to predict 
the prognosis of AIS, the osteopontin plasma level seems 
also can be used in such manner since in this study os-
teopontin plasma level showed a good correlation with 
skeletal maturity parameter, Risser sign, and chronologi-
cal age. Hopefully the osteopontin plasma level can be 
developed as a useful tool to determine the prognosis of 
scoliosis.
Conclusions
The mean osteopontin plasma level was higher in AIS 
patients compared to healthy control. The increased was 
shown to be significant during growth spurt period. The 
increased was also significant in severe degree scoliosis. 
Related to well known osteopontin role in bone remodel-
ing process, these findings indicate that AIS patients ex-
perience higher degree of bone remodeling compares to 
healthy ones which may cause their spine to be more sus-
ceptible to deformation in the presence of asymmetrical 
extraskeletal forces. A good correlation between mean 
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osteopontin plasma level, skeletal maturity and age, may 
lead osteopontin plasma level to become a useful tool in 
predicting the prognosis of scoliosis.
We suggest that further research should be directed to 
evaluate the association between osteopontin plasma lev-
el or osteopontin expression in the spine with scoliosis 
curve progression in order to reveal osteopontin role in 
predicting prognosis of AIS. In adolescent without sco-
liosis and high osteopontin plasma level, a cohort-study 
is needed to determine whether the increase of osteopon-
tin plasma level precede the onset of scoliosis. Scoliosis 
research in animal model will allow us to study the effect 
of scoliosis intervention based on osteopontin level.
References
1. Miller NH. Cause and natural history of adolescent idio-
pathic scoliosis. Orthop Clin North Am. 1999;30:343-52.
2. Thomson JD, Renshaw TS. Analysis of lumbar lordosis 
in posterior spine fusions for idiopathic scoliosis. J Spinal 
Disord. 1989;2:93-8.
3. Harry N, Steven R, Richard A. Rothman-Simeone The 
Spine. WB Saunders Company; 1999.
4. Asghar J, Samdani AF, Pahys JM, D’andrea LP, Guille 
JT, Clements DH, et al. Computed tomography evaluation 
of rotation correction in adolescent idiopathic scoliosis: 
a comparison of an all pedicle screw construct versus a 
hook-rod system. Spine. 2009;34(8):804-7.
5. Bunnel WP. An objective criterion for scoliosis screening. 
J Bone Joint Surg Am. 1984;66:1381-7.
6. Peterson LE, Nachemson AL. Prediction of progression 
of the curve in girls who have AIS of moderate severity. 
Logistic regression analysis based on data from the brace 
study of the Scoliosis Research Society.  J Bone Joint Surg 
Am. 1995;77:823-27.
7. Roach JW. Adolescent idiopathic scoliosis. Orthop Clin 
North Am. 1999;30:353-65.
8. Gatam L. [Model prediksi capaian koreksi operatif defor-
mitas penyandang skoliosis idiopatik. Doktor (Disertasi)]. 
Jakarta: Universitas Indonesia; 2009.
9. Denhardt DT, Noda M, O’Regan AW, Pavlin D, Berman 
JS. Osteopontin as a means to cope with environmental 
insults: regulation of inflammation, tissue remodeling, 
and cell survival. J Clin Invest. 2002;107(9):1055-61.
10. Sodek J, Ganss B, McKee MD. Osteopontin. Crit Rev 
Oral Biol Med. 2000;11:279–303.
11. Weber GF. The metastasis gene osteopontin: a candidate 
target for cancer therapy. Biochem Biophys Acta. 2002; 
1552:61–85.
12. Weinreb M, Shinar D, Rodan GA. Different pattern of al-
kaline phosphatase, osteopontin, and osteocalcin expres-
sion in developing rat bone visualized by in situ hybrid-
ization. J Bone Miner Res. 1990;5:831–42.
13. McKee MD, Farach CM, Butler WT, Hauschka PV, Nanci 
A. Ultrastructural immunolocalization of noncollagenous 
(osteopontin and osteocalcin) and plasma (albumin and 
alpha 2HS-glycoprotein) proteins in rat bone. J Bone 
Miner Res. 1993;8:485–96.
14. Takano-Yamamoto T, Takemura T, Kitamura Y, Nomura 
S. Site-specific expression of mRNAs for osteonectin, os-
teocalcin, and osteopontin revealed by in situ hybridiza-
tion in rat periodontal ligament during physiological tooth 
movement. J Histochem Cytochem. 1994;42:885–96.
15. Reinholt FP, Hultenby K, Oldberg A, Heinegard D. Os-
teopontin—a possible anchor of osteoclasts to bone. Proc 
Natl Acad Sci USA. 1990;87:4473–75.
16. Moreau A, Akoume MY, Franco A, et al. Pediatric sco-
liosis predictive blood tests: progress and challenges for 
clinicians. Scoliosis. 2010;5 Suppl 1:3.
17. Sanders JO, Khoury JG, ShyamKishan, Browne RH, 
Mooney III JF. Predicting scoliosis progression from 
skeletal maturity: A simplified classification during ado-
lescence. J Bone Joint Surg Am. 2008;90:540-53.
18. Lenke LG, Betz RR, Harms J. AIS: a new classification to 
determine extent of spinal arthrodesis. J Bone Joint Surg 
Am 2001;83:1169-81.
19. Moreau A, Franco A, Azeddine B, et al. High circulat-
ing levels of osteopontin are associated with idiopathic 
scoliosis onset and spinal deformity progression. Spine. 
2009;10:109.
20. Lonstein JE, Carlson JM. The prediction of curve pro-
gression in untreated idiopathic scoliosis during growth. 
J Bone Joint Surg Am. 1984; 66: 1061-71.
21. Chellaiah MA, Kizer N, Biswas R, Alvarez U, Strauss-
Schoenberger J, et al. Osteopontin deficiency produces 
osteoclast dysfunction due to reduced CD44 surface ex-
pression. Mol Biol Cell. 2003;14:173-189.
22. Ishijima M, Rittling SR, Yamashita T, Tsuji K, Kurosawa 
H, et al. Enhancement of osteoclastic bone resorption and 
supression of osteoblastic bone formation in response to 
reduced mechanical stress do not occur in the absence of 
osteopontin. J Exp Med. 2001;193:399-404.
23. Klein-Nulend J, Roelofsen J, Semeins CM, Bronckers 
AL, Burger EH. Mechanical stimulation of osteopontin 
mRNA expression and synthesis in bone cell cultures. J 
Cell Physiol. 1997;170:174–81.
24. Terai K. Role of osteopontin in bone remodeling caused 
by mechanical stress. J Bone Miner Res. 1999;14:839–49.
25. Burwell RG, Aujla RK, Grevitt MP, Dangerfield PH, 
Moulton A, Randell TL, et al. Pathogenesis of adolescent 
idiopathic scoliosis girls – a double neuroosseous theory 
involving disharmony between two nervous system, so-
matic and autonomic expression in the spine and trunk: 
possible dependency on symphatetic nervous system and 
hormones with implications for medical therapy. Scolio-
sis. 2009;4:24.
26. Sevastik B, Xiong B, Sevastik J, Hedlund R, Suliman I. 
Vertebral rotation and pedicle length asymmetry in the 
normal adult spine. European Spine J. 1995;4:95-7.
27. Trontelj JV, Peak F, Dimitrijevi MR. Segmental neuro-
physiological mechanisms in scoliosis. J Bone Joint Surg 
Br. 1979;61-B(3):310-13. 
28. Carpintero P, Mesa M, Garcia J, Carpintero A. Scoliosis 
induced by asymmetric lordosis and rotation: an experi-
mental study. Spine. 1997;22:2202-6.
29. Burwell RG, Aujla RK, Grevitt MP, Dangerfield PH, 
Moulton A, et al. Pathogenesis of AIS in girls - a double 
neuro-osseous theory involving disharmony between two 
nervous systems, somatic and autonomic expressed in the 
spine and trunk: possible dependency on sympathetic ner-
vous system and hormones with implications for medical 
therapy. Scoliosis. 2009;4:24.
30. Normelli H, Sevastik J, Akrivos J. The length and ash 
weight of the ribs of normal and scoliotic persons. Spine. 
1985;10:590-92.
31. Normelli H, Sevastik JA, Ljung G, Jonsson-Soderstrom 
AM. The symmetry of the breasts in normal and scoliotic 
girls. Spine. 1986;11:749-52.
32. Fujihara S, Yokozeki M, Oba Y, Higashibata Y, Nomura 
S, Moriyama K.  Function and regulation of osteopontin 
in response to mechanical stress. J Bone Miner Res. 2006; 
21(6): 956-64. 
Role of Remodelling in Adolescent Idiopathic Scoliosis 12
